SUMMARY. The structural states of alkali feldspars from the eastern end of the Galway Granite show transitions from orthoclase to microcline as a result of late deformation. Analyses of twenty samples for SiO~, A12Os, TiO2, Fe~O3, CaO, Na20, K20, S, Cu, Zn, Ga, Rb, Sr, Ba, and Pb agree with previously determined orders of entry of elements into the 'alkali site'. A relationship between this order of entry and the melting points of feldspar end-members is discussed. THE Galway Granite, on the north side of Galway Bay, Ireland, is of Caledonian age (384 Myr, Leggo et al., I966), and the geology of the east end of the pluton has been described by Coats and Wilson (I97~). They showed that an aphyric alkali granite occurs at the margin of the pluton followed by a coarse porphyritic granite, which becomes more basic away from the margin and develops a foliation westwards ( fig. I ). Alkali feldspar makes up between 2o and 35 % of the granites, occurring as megacrysts in the porphyritic granites.
away from the granite margin east of the Barna fault and increase northwards west of this fault. Although ordering of alkali feldspars has often been correlated with chemical composition, obliquity is significantly correlated at the 95 % level with only SiO~ and K20 and the obliquity is believed to have been produced by postcrystallization deformation (Tuttle, 1952) . Originally the alkali feldspars were orthoclase with low obliquity and low zV ( fig. 3A ) and this is preserved in the feldspars in the east of the area. Post-crystallization shearing in the deeper parts of the batholith caused the granite foliation and variable ordering of the alkali feldspars. The growth of triclinic domains, however, does not always keep up with the change in 2V, resulting in the preservation of intermediate states with high zV and low zx ( fig. 3B ).
I c~ ~~~ ~,
• > ~::;<. Prominent zoning (table I) can be observed under the microscope in most of the samples with zx < o-2. It can be faintly detected in those of variable state, but is absent when the obliquity value is greater than o'7o. This zonation may be chemical, but is more likely due to different degrees of AI-Si ordering, because the zoning is inversely related to obliquity.
FIGS. I and 2: FIG. I (left). Location of area studied and geological map showing alkali feldspar sample localities. FIG. 2 (right). Areal distribution of obliquity (
The two pegmatite alkali feldspars (24 and 25) have intermediate structural states (zX = o.6o and o'67) with broad asymmetric I3I peaks and show good cross-hatched twinning, being undeformed and occurring in orthoclase-bearing granite in which the quartz is unstrained. Therefore their structural state is not the result of stress and is thought to be due to the presence of water acting as a catalyst in the orthoclasemicrocline inversion (Donnay et al., 196o) .
Chembtry. The chemical analyses of the twenty alkali feldspars are given in table I and the linear correlation matrix calculated from them is presented in table II. All the samples plot near the Or-Ab sideline ( fig. 4) within the Or-Ab stability field in the Or-Ab-An-H20 system at 5000 bars water-vapour pressure (Yoder et al., 1957) .
Silica and alumina are negatively correlated, probably because of the constant sum effect, these two oxides making up most of the Z group. Silica is negatively correlated (at the 95 ~o confidence level) with obliquity, which Fr6. 4. Projection of part of the quarternary system NaA1Si308 KAISi3Os-CaAI~Si~Os-H~O at 5ooo bars pressure of H20 (after Yoder et al., I957).
may indicate that during the change to microcline excess SiO2 is expelled from the lattice. The excess Si could substitute for A1 if some of the alkali sites are left vacant to balance the ionic charges as suggested by Hall (1967) . All the alkali feldspars are pink in colour and small orientated inclusions of a red iron oxide are sometimes present, possibly representing iron exsolved from lattice sites on cooling.
Ca in the alkali feldspars falls regularly with the composition of the host rock (table I) but not as rapidly as Ba or Sr. The early alkali feldspars contain less Ca than Ba and only in the late pegmatite stage does Ca exceed Ba.
The anorthite content does not vary significantly with the Ab/Or ratio ( fig. 4 ) but with the calcium content of the rock, and this suggests that Ca behaves differently to Na and is not exsolved beyond the boundaries of the pieces of K-feldspar being analysed, agreeing with Hall (I967).
All the feldspars are microperthitic and X-ray study shows that most of the Na is present in albite lamellae. Na has a strong negative correlation with K, due to the constant sum effect. The Na-K composition of the analysed feldspar is probably more affected by the amount of recrystallization and segregation of albite beyond the margins of the alkali feldspars being analysed than by the composition of the magma or the water-vapour pressure at the time of crystallization. 
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Sulphur has significant positive correlations with Cu and Zn, which are probably present as small sulphide inclusions. The sulphide content does not seem to be related to rock composition but is probably dependent on the presence of hydrothermal veins.
Ga varies over a small range in the granitic alkali feldspars, rising in the pegmatite feldspars in agreement with Heier (I962), who stated that Ga should show enrichment in feldspars of late-stage formation. This enrichment is consistent with the lower melting point of KGaSiaOs 0ooo-Io2o ~ compared to KA1Si308 (I I7o ~ and also the larger ionic size of Ga compared to A1.
Rb is enriched in the late alkali feldspars but this enrichment is not extreme, the pegmatite feldspars only having a two-fold enrichment over the earliest-formed alkali feldspars. This is a reflection on the relatively mild nature of the fractionation in the Galway Granite compared to other plutons, where extreme differentiation can produce pegmatite alkali feldspars with more than Iooo ppm Rb (Heier and Adams, 2963). The K content of the feldspars is fairly constant so that the K/Rb ratio varies with the Rb content and falls from 400 to 270 ( fig. 5D ). Mean whole rock K/Rb ratios for the three major granite types range from 217 to I6I (Coats and Wilson, I97I), the higher ratios for the alkali feldspars reflecting the known preference of Rb for the 1z-fold co-ordination sites in micas rather than the alkali sites in feldspars.
Sr has strong positive correlations with Ba and Ca and like these elements falls with fractionation. It has a closer association with Ba than with Ca; the Ba/Sr ratio varies from IO to 4 in the granitic alkali feldspars and only in the pegmatite stage does it fall to o'9 ( fig. 5A ). The Ca/Sr ratio rises steadily with fractionation from 4 to 37.
The Ba/Rb ratio ( fig. 5B ) varies from I2 to 0"2 and is thus a very good indicator of fractionation as deduced by Taylor (I965). Because of the similar Ba contents of the feldspars from the two porphyritic granites the Ba/Rb ratio does not exhibit such a regular variation as the Rb/Sr ratio ( fig. 5c ).
Rhodes (I969), Heier 0962), and Taylor and Heier (I96o) found the distribution of Pb in alkali feldspars irregular and unpredictable. Here, however, there are positive correlations with Ga and Na and negative correlations with Ti, Ba, Sr, and Ca. The pegmatite alkali feldspars are enriched in lead in agreement with Heier (i962). The alkali feldspars are all enriched in Pb relative to the mean content for feldspars of 5 ~ ppm found by Patterson and Tatsumoto (I964). The Pb content of alkali feldspars from lead-mining areas is known to be higher than in the other areas (Slawson and Nackowski, I955; Cuturic et al., 2968) and it is possible that this part of Ireland is a Pb-rich province. Pb probably occupies alkali sites in the alkali feldspars and is not connected with the other chalcophile elements, so there is no support for the suggestion (Rhodes, I969) that Pb is present as galena.
Discussion. The elements that substitute for K in alkali-feldspars do so in the order: Ba > Sr > Ca > Pb (divalent elements) and K > Na > Rb (monovalent elements). As fractionation proceeds, elements on the left of this scale are depleted fastest. Thus as fractionation takes place Ba/Sr decreases and Ca/Sr increases. In a review of the trace elements occurring in feldspars, Heier (1962) found the same order of entry by the radii of the cations and the melting points of the pure end-members are determined by the total bond energy. This does not appear to be so for the Ba, Sr, and Ca feldspars (table lID, but there is a relationship between the melting points of the pure end-members and the depletion factor ( fig. 6 ). The melting points of Ca, Na, and K-feldspars are taken from Eitel 0965), for Ba and Sr-feldspars from Dittler and Lasch 093o), and for Pb-feldspars from Sorell (I962). The V~ data are from Damon (I968) and the ionic radii from Nockolds (I966). The correlation of order of entry with the melting point of the end-member feldspars does not necessitate an enrichment of the higher-melting feldspar in the early phases unless the solution is ideal. On the basis of ionic size Ba, Sr, Rb, and Pbfeldspars should form continuous solid solutions with alkali feldspars and this has been confirmed for Ba-feldspars by Roy (I967) and for Rb-feldspars by Martin and Legache (197o) . The geochemical behaviour of these elements when they enter alkali feldspars can therefore be predicted on the basis of the melting point of the feldspar end-member.
Na-and Ca-feldspars, however, do not form ideal solutions with alkali feldspar because of their ionic sizes, and have minima on the melting and freezing curves. The Na content of the alkali feldspars rises with falling temperature (Yoder et al., 1957) but at lower temperatures albite is exsolved from the alkali feldspar. The final Ab content of the potash-feldspar is probably more dependent on the degree of this unmixing and segregation beyond the boundaries of the crystal than on the initial temperature of crystallization. The anorthite content of alkali feldspar decreases with the temperature of crystallization (Yoder et al., 1957) but only slowly.
